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PWA-2600 


FOREWORD 


I’his  report  describes  the  work  that  was  accotn- 
plished  by  Pratt  &  Whitney  Aircraft  during  the 
period  1  January  1965  through  30  June  1965  in 
accordance  with  the  requirement's  of  <  ontract 
FA-SS-65-18  entitled  "Dev  dopment  of  Super¬ 
conic  Transport  Engine  -  Phase  U-B".  The  re¬ 
port  is  submitted  to  fulfill  the  requirements  of 
Item  7,  Section  D  of  the  contract  work  statement. 

This  report  is  classified  as  CONFIDENTIAL  in 
compliance  with  the  provisions  of  DD  Form  254 
dated  1  January  1965  provided  for  this  contract. 
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Cellutherm  2712C  Oil 

10-21  Weibull  Distribution  of  Test  Data  From  AlSl  52)00  CVM 
Balls  in  Cellutherm  2712C  Oil 

10-22  Weibull  Distribution  of  Test  Data  From  AlSl  52100  CVM 
Balls  In  M1L-L-7808D  (PWA  521A)  Oil 

10-23  Diagram  of  Experimental  Oil  Pump  Featuring  Roller  Bearings 

10-24  Oil  Jet  Test  Configuration  Showing  (A)  Pressure  Taps  (B) 

Inlet  Jet,  (C)  O-Ring  Seal,  and  (D)  Chrifice  -/il 

10-25  Oil  Jet  Test  Rig  Showing  (A)  Scale  for  Flow  Measurement, 

(B)  Pressure  Drop  Gauge,  (C)  Pressure  Gauge  (D)  Accumu¬ 
lator  (E)  Pump,  (J”)  Motor,  (G)  Temperature  Meter,  (H) 

Oil  Tank,  (I)  Shield  and  (J)  Oil  Jet 

10-26  Component  Parts  of  Oil  Seal  Testing  Rig  Including  (A)  Front 
Cover,  (B)  Rig  Bearing,  (C)  Hub,  (D)  Oil  Jet  to  Seal  Plate, 
(E)  Breather  Ivlanxfold,  and  (F)  Sl.aft 

10-27  Face  Seal  High- Temperature  Test  Rig  Installation 

10-28  CDJ-83  Material  Carbon  Run  for  57.5  Hours  at  40  PSI,  400*^, 

and  12,  500  RPM 

10-29  Dry- Face  Seal  Plate  Run  for  57,  5  Hours  at  40  PSI,  400* E 
and  12,  500  RPM 

10-30  Time  Vs.  Leakage  Effects  with  a  P03XHT  Carbon  (.  200^.LIP) 
and  Wet- Face  Plate  Combination 

10-31  Time  Va,  Leakage  Effects  with  a  CDJ-83  Carbon  (.  150  LIP) 
and  Wet- Face  Plate  Combination 

10-32  Time  Va.  Leakage  Effects  with  a  P03XHT  Carbon  (.  200  LIP) 
and  Wet- Face  Plate  Combination 

10-33  Time  Vs.  Leakage  Effects  with  a  CDJ-83  Carbon  (.  150  LIP) 
and  Wet- Face  Piate  Combination 
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Seal  and  Wet- Face  Seal  Plate  Combination  at  Varied 
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Seal  and  Wet- Face  Plate  Combination 
Time  Vs.  Leakage  Effect  with  a  CDJ-8  (75%  Unbalance) 

Carbon  Seal  and  Wet  Face  Plate  Combination 
Tima  Va,  Leakage  Effect  with  a  CDJ-83  (55%  Unbalance) 

Carbon  Seal  and  Wet- Face  Seal  Plate  Combination 
Wet- Face  Seal  Plate  Run  For  129  Hours  at  10-50  PSI,  400 ’F, 
and  12,  500  RPM 

Time  Vs.  Leakage  Effects  with  a  CDJ-83  (.  250  LIP)  Carbon 
Seal  and  Wet- Face  Plate  Combination 
Time  Vs.  Leakage  Effects  with  a  CDJ-83  (.  150  LIP)  Carbon 
Seal  and  Wet- Face  Plate  Combination 
Time  Vs.  Leakage  Effect  with  a  CDJ-83  (.  200  LIP)  Carbon 
Seal  and  Wet- Face  Plate  Combination 
Radial  Groove- Type  Ring  Seal  Layout 

Ring  Se  d  Test  Shaft  and  Details,  Including  (1)  Seal  Plate, 

(2)  le.st  Carbon  Ring  Seal,  (3)  Spacer,  (4)  Back-Up  Plate, 
and  (5)  Spacer 

Ring  Seal  Test  Shaft  Assembled,  Showing  (1)  Back-Up  Pl.ate, 

(2)  Test  Carbon  Ring  Seal,  and  (3)  Seal  Plate 
Schematic  Diagram  of  Seal  Material  Evaluation  Rig 
Seal  Material  Test  Rig  Installation  Showing  (A)  Hot  Air  Supply 
Line,  (B)  Rig  Breather  Line,  (C>  Breather  Settlement 
Tank,  (D)  Bleed  Control  Valve,  (E)  Bearing  Oil  Lines,  and 
(F)  Seal  Air  Temperature  Probe 
Seal  Material  Test  Rig  Installation  Showing  (A)  Front  Breather 
Thermocouple,  (B)  Rear  Breather  Thermocouple,  (C) 

Front  Breather  Pressure,  (D)  Rear  Breather  Pressure, 

(E)  Front  Seal  Oil,  (F)  Rear  Seal  Oil,  (G)  Seal  Air  Pressure, 
and  (H)  Oil  Drains 
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PAGE  NO,  xlv 

o^MKVKApca  AT  ■  VIM  BriwAia 
>1  rlM* 

Mo  V«  ivew 


CONPIOBNTIAL 


PRATT  &  WHITNeV  AIRCRAFT 


CONPIDKKTIAt. 


PWA-Z600 


Figure 

No. 

10-66 

10-67 

10-68 

10-69 

10-70 

10-71 

10-72 

10-73 

10-74 

10-75 

10-76 

10-77 

10-78 

10-79 

10-80 

10-81 


I 


St 


LIST  OF  ILLUSTRATIONS  (Cont'd) 


Item  10  (Cont'd) 


Air  Pressure  Vs.  Wear  Rate  of  a  B-2936  and  CDJ-83 
Carbon- Stellite  6K  Plate  Combination  at  lOOO'F 
Air  Pressure  Vs.  Wear  Rate  of  a  B-2936  and  CDJ-83 
Carbon- Stellite  6K  Plate  Combination  at  500'’F 
Air  Pressure  Vs.  Wear  Rate  of  a  USG  2800  Carbon- Stellite 
6K  Plate  Combination  at  500 “F 
Air  Pressure  Vs.  Wear  Rate  of  USG  2800  Carbon- Stellite  6K 
Plate  Combination  at  1000“F 

Air  Pressure  Vs.  Wear  Rate  of  a  USG  2803  Carbon- Stellite 
6K  Plate  Combination  at  1000*F 
Air  Pressure  Vs.  Wear  Rate  of  USG  2803  Carbon- Stellite  6K 
Plate  Combination  at  500“ F 

Air  Pressure  Vs.  Wear  Rate  of  a  USG  2777  Carbon- Linde 
LCIC  Plate  Combination  at  500* F 
Air  Pressure  Vs.  Wear  Rate  of  a  USG  2777  Carbon- Linde 
LCIC  Plate  Combination  at  1000  *F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon-Brush 
NiBe  Plate  Combination  at  500“ F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon- Brush 
NiBe  Plate  Combination  at  1000 “F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon- Brush 
NiBe  Plate  Combination  at  1000“F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon- Brush 
NiBe  Plate  Combination  at  1200”F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon- Clevite 
300  Plate  Combination  at  500°F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Ca."* bon- Clevite 
300  Plate  Combination  at  I000*F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon- Haynes 
No.  25  Plate  Combination  at  1000“ F 
Air  Pressure  Vs.  Wear  Rate  of  a  CDJ-83  Carbon-Haynes 
No.  25  Plate  Combination  at  500* F 


PAGE  NO.  Xlvi 


CONFIOENTIAL 


1 

I 

I 

I 

I 

i 

1 


1 


I 

I 

I 

I 

I 

I 

I 


I 


A 


\ 


PWA.2600 


1.1?^ T  (JF^  ILLU$tHA'\  fONS  (Cnni'd) 


It<!<M'i  1  I 

^  tfUff 

Nn, 

liiniitiru  aO(.ii  tjf  IlMfnPBlli  Jet  A  and  Jet  A-l  Pur|  Sample* 
Uied  In  hnw  Oiryuait-Puel  Coker  'raelg 
UrAlteo itiih  l)nl*  iin  'rnil  I'‘iio|a 

NMnitnary  fif  To#(«  lo  helprmjno  Tlirealiold  Callyre  Tein,-errt. 
iUfa  uf  Jel  A  and  Jel  A  =  '  '•‘'mpI  Snmplen  in  ASTM-CFR 
K'jp)  Cukef 

-^nminaiy  >■/ 'i'ii«ie  |ij  t)ritPriTi|nr<  'I'krpnimtd  J'alluiu  Tntrippr* 
aiMi-p  of  left  I  kiii’ls  in  C  Heoeniili  Fuel  C'  krr  ui  Ctiii" 
Froll  id  Furl  flHyyan  CoiuMltonn  W11)>  H.  8<  rvelr 

Fuel  TpihpPPaitiiM 

File*,  Ce/ien  C  nrlool  l)u>'lng  Hnaeartli  floUpr  'resl*  with  },0 
Pali  Rpue f  vnj I'  pf  jpiurf 

Fuel  i-itfygeo  r ontunf  naplhj;  npaiarrlj  Poker  TbhIb  vidt.i  1 ,  5 
PeU  H.aaaFVotr  PTfiPtaura 

9MRunfl?y  of  Tlir^rhol'l  I  nll'tr?  TeoipB foiu raa  f<u'  1’e*|  Fuel* 
idai  A|j  fitlurailon  and  l.uw  l  uol  ivaygen  (  onlnnl 

f'*Mi  1/ 

^  ^ -  I  l  aU/oykod  f  ti*i  niifl  C»|i  i «iiip  > r* im  i. *  V^Funa  Mlarlur 
‘f  ^  Pair  PlHPt,’  l‘i*lgU4  I. If*  ll»  Uyii  f  nit»«  Vtllll 

PWA  frii  (  04*  M«(*>rl*| 

^  *  e«l  l»4l*  for  Fubfl*  ant  h  blVCear  inilltig 

tallpUP  CU*  in  HyiJp*  rjp*i'  Marhln*  wit,**  l^WA  7-t<l  tianP 
N|a  til  r  ia  i 

tA’naral  i’rtip/i  iUs,  uf  I  itkfH  iiii  *  ‘raii'**l 
I  s' ^  a  Ktfi-t  nf  1'vntpOiaiiMM  ■•ot  Pl**inHfc  nil  t'  Vri  jin  r«  I  (on  !  ow* 

of  l,E  I  S  Jb  Cubrtf.anf 

i 6  Fffe*  •  vf  'I  * Uipf  *  a tu  *  e  ftt  I  I'raasurn  *»*!  PvapiM  nlirin  Liiaa 

Ml  f.  M  IT  i  (iblUilOl 

li-f  I  ulii'l*  aiil  f ,  ‘  I  $  t*w,tait|g’,lliu  ^  I  (M  roPMutt  l*Ol*  4|  P  ,i|ial  u  III 

Ai  *  'lopi 


al  Vtl 

:?  ^^iPStT  :  i  I 

•r  If--  '  - 


11! 
1 1  a 

It., 

I  I  >4 

I  I 

U’f, 

I  la? 


nfiNFioaMT'Al 


PRATT  A  WHITNEV  AIRCRAFT 


CONPmiNTSAI. 


I 


Figure 

No. 

13-1 

13-2 

13-3 


14-1 

14-2 


14-3 


1-1-4 


14-5 

14-6 

14-7 


1  4  ,  H 


14-‘) 


Ml  U 


M  M  I 


1  -1 .  U 


MM  i 

I  4  •  1  4 
1  4  ■■  1  "i 


PWA-2600 


LIST  OF  ILLUSTRATIONS  (Cont'd) 


Item  13 


Typical  Boeing  SST  Inlet  Model  Distortion  Plots 
Radial  Total  Pressure  Profiles  for  Boeing  SST  Inlet 
Distortion  Versus  Percent  Bypass  Door  Opening  and  Percent 
Supercritical  Operation  for  the  Boeing  SST  Inlet 


Item  14 

Grain  Structure  of  IMI  679  Titanium  Alloy 
Time  to  Creep  0.  1%  for  IMI  679  Titanium  B.ase  Alloy 
Compared  to  PWA  1202  and  PWA  1203 
Tenaiic  Proportias  of  IMI  679  Titanium  Base  Alloy 
Compared  to  PWA  1202  and  PWA  1203 
.Sti'oaa  Reciulrcd  to  F'roducc  NaCL  Salt,  Stress -Cor rosion 
Cracking  in  100  Hours  for  IMI  679  Titanium  Base  Alloy 
Stress  Required  to  Produce  NaCL  Salt,  StrcBs-Corrosicn 
Cracking  in  300  Hours  for  IMI  679  Titanium  Base  Alky 
Goodman  Diagram  of  Fatigue  l,lf<!  for  IMI  679  ritanlum 
Base  Alloy  Notc  hed  .Spetlfnens.  'I’eHl  Tempe rnlurc 
70  “F 

Fratlurt  Tougimess  of  IMI  6V9  'I’ltnnlum  Base  Alloy  - 
Precracked  Notched  f.liarpy  Impact  SpecimetiH 
Tensile  Properties  of  PWA  1007  Nlckei  Bnnei  Alloy,  nin!-; 

Spr'cim'?n!!  .Maclilned  fi<  •  i'rqparinr'cl  Uingu 
.Olructure  of  XGC.F-6  and  ^  -7  Wymari-Gordon  Ti-nl  PlngB 

from  PWA  1007  Wacpaluy  Dlskti 
.Structure  of  GGNK.-ilO  uml  (!.1DA"3H  I.arlisli  ’I'esi  Kings 
ll'UUJT  PWA  lOO?  WftBpaloy  Dinks 
Slrui/t'.tre  of  lle.-it  XGGj'’-6  an^l  lleui  XtlPS-7  W  y  iii.m -( iti  rdon 
'J'uel  (lings  fjoin  PWA  1007  Wnepaloy  Dlskr 
lili'iirUHwi  ol  \ienl  f  CiNK-llO  aiii)  Heat  C.IIjA-  1H  l.aillt.h  Test 
lliiqfll  fi'iiiri  P\VA  1 00  f  WsupaKiy  IMsIis 
/’eiil  .'jelt.iip  (or  /jiA'C  MallMlh  TesM  wUh  I'.TneM 
Kiiy,liJ|y  Mounieil 

(jvet’ull  I'csl  ilel-up  Ictr  .S.N‘(  Ballintli  Insifi 
J  ypU^Tl  I'e?:  iT-t  -'.iji  v--'iili  <  iiiii.-i  MiOHOd  itliig  'i.TielwIt  lu'O 

OMivesii  Itiif  I'lSiPni 


% 


a 

% 

1 

I 

I 

I 

I 


1 1  V I  H 


PRATT  1  WHITNEY  AIRCRAFT 


CONriOBNTIA&. 


PWA-2600 


LIST  OF  ILLUSTRATIONS  (Cont'd) 


Item  14  (Cont'd) 


Figure 

No. 


14-16 

14-17 

14-18 

14-19 

14-20 

14-21 

14-22 

14-23 

14-24 


14-25 


Ballistic  Containment  Test  Results 

Design  and  Weight  Comparison  Between  the  Conventional 
.jolid  Disk  and  the  Diffusion-Bonded  Disk 
Vacuum  Retort  Before  Furnace  Cycle 
Vacuum  Retort  After  Furnace  Cycle 
Overall  View  of  Vacuum  Pump,  Retort,  and  Furnace 
Opened  Retort  After  Furnace  Cycle  Showing  Bonded  Disk 
A  53-Inch  Diameter  Retort  After  Furnace  Cycle 
Test  Specimen  Bonding  Parameters 

Diffusion-Bonded  Titanium  (AMS-4928)  Tensile  Test  Pieces. 
Bonded  at  1650  "F  and  at  235,  425,  and  650  Psi  for  1/2 
Hour  in  Vacuum  Furnace 

Metallographic  Photograph  of  Specimen  No.  12  Showing 
Grain  Growth  Across  Bond  Joint 


15-1 

15-2 

15-3 

15-4 

15-5 


Item  15 

Boeing  Installation  -  Weight  Summary 
Lockheed  Installation  -  Weight  Summary 
Weight  Breakdown  for  STJ227  Engine 
Weight  of  Turbojet  Engine  Configurations 
High-Pressure  Turbine  Region 


'  I  H 


I 

1 

] 

•1 

2 
i 
1 

3 

I 

\ 


§ 


I 

! 

I 

j 


CONPIOBNTIAL. 


PWA-2600 


► 


PHATT  tt  WHITNIV  AIBCrtACT 


1 

r  INTRODUCTION 


The  overall  objectives  of  the  program  conducted  under  contract 
FA-SS-65-18  were  to  continue:  the  design  of  the  STF  219  duct-heating 
turbofan  engine,  liaison  with  aircraft  manufacturers  to  ensure  optimum 
engine  and  ejector -reveraer  installation,  and  verification  of  major 
component  performance  by  approximately  full-scale  component  testing. 
This  program  was  a  continuation  of  the  contractor's  de.«ign  and  test 
effort  on  supersonic  transport  powerplants  and  was  aimed  at  achieving 
further  advances  in  engine  design  and  component  state-of-the-art  over 
those  submitted  in  the  Phase  II-A  proposal  for  the  supersonic  transport 
engine. 

In  accordance  with  the  requirements  of  contract  FA-3S-65-18,  the  pro¬ 
gram  was  divided  into  15  major  fields  of  effort  corresponding  to  the 
tasks  listed  in  Section  B  of  the  contract  work  statement.  These  fields 
of  effort  included  engine  design  in  addition  to  research  and  development 
On  compressors,  primary  combustion,  turbines,  augrnentors,  inlet 
and  cxliaust  systems,  noise  reduction,  controls  and  accessories, 
bearings  and  seals,  and  fuels  and  lubricants.  Also,  investigations  were 
conducted  on  installation  optimization,  materials  and  manufacturing 
techniques,  and  supporting  design  considerations  such  as  maintainability, 
reliability,  and  value  engineering.  A  discussion  of  the  work  accom¬ 
plished  in  each  of  these  fields  is  presented  in  separate  sections  of  this 
report  In  an  order  corresponding  to  the  wcrk  statement  items  of  the 
contract . 
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ITEM  1  -  INSTALLATION  COORDINATION 


OBJECTIVE 

The  Contractor  continued  to  work  with  the 
airframe  contractors  to  ensure  optimum 
installation  arrangements  for  the  engine  and 
ejector  reverser  in  the  airframe.  Engine 
cycle  studies  were  also  included  in  thi..  work. 


A.  INSTALLATION  COORDIN^ .TION  MEETINGS 
WITH  AIRPLANE  COMPANIES 


1 .  INSTALLATION  COORDumATION  WITH  THE  BOEING  AIRPLANE 
COMPANY 

a.  Introduction 


I 

1 

I 

I 

I 

I 


Six  coordination  meetings  were  held  between  the  Contractor  and  the 
Boeing  Airplane  Company  during  Phase  IIB.  The  most  significant 
topics  discussed  in  the  course  of  these  meetings  are  summarized  below: 

•  Performance.  IBM  pe'"forn’ance  decks  for  both  turbofan  and 
turbojet  were  given  to  Boeing.  Changes  were  incorporated  in 
these  programs,  at  Boeing's  request,  to  enable  more  efficient 
use  to  be  made  of  their  computer  time. 

•  Ejector  concepts.  Improved  mechanical  and  aerodynamic 
ejector  concepts  were  studied,  the  most  recent  of  which  is 
a  sliding  shroud  ejector  (a  fixed  shroud  ejector  was  used 
during  Phase  ILA). 

•  N  oise.  Information  was  exchanged  several  limes,  and  Boeing 
witnessed  a  full-scale  noise  lost  in  which  a  J57  afterburning 
engine,  using  a  "boiler  plaic"  S.ST  iype  ejectL.:-,  w.iu  run. 

•  Engine-iij.  inlol  f  ompalibi  1  it y  .  Various  conaiantu  ior  the 
Contractor's  analog  compuler  program  lor  studying  enginc- 
l(i-inl(il  t  i.UTipiil  i  1 1  i  I  il  y  were  siipjilied  to  Booinu  lor  bnlh  Ibo 
lurbof.iM  and  turbojcl. 


1^*  i»r 


HO 


1-1 


CONPIOHNTIAL 


\ 


4 


CONPIDBNTIAI. 


PRATT  A  WHITNEV  AIRCRAFT 


PW  A-2600 


•  Turbine  inlet  temperature.  The  Contractor's  turbine  program 
was  re /iewed  several  t  mea  during  Phase  IIB.  Data,  hardware, 
and  future  planning  wers  discussed. 

•  Weight.  Weights  were  updated  periodically.  Weights  for  a 
specific  installation  were  supplied  to  Boeing  with  each  ins¬ 
tallation  drawing. 

•  Engine-to-wing  mating.  A  reduction  in  the  base  drag  in  the 
region  between  the  engine  and  the  wing  at  the  wing  trailing 
edge  v/as  made.  Compatibility  with  Boeing's  latest  installa¬ 
tion  requirements  was  achieved. 

The  above  items,  with  the  eicception  of  e' gine-to-wing  mating,  are 
covered  in  detail  elsewhere  in  this  report.  This  section  of  the  report 
will,  therefore,  be  devoted  to  a  discussion  of  the  engine-to-wing  mating 
work  done  during  Phase  IIB, 

b.  Summary  of  Engine-to-Wing  Mating  Work 

A  reduction  in  base  drag  was  a<  complished  by  changing  the  shape  of 
the  ejector  from  round  to  octagonal,  and  by  moving  the  ejector  cant 
point  aft  relative  to  its  Phase  IIA  position. 

Figure  1-1  shows  a  comparison  between  the  Phase  IIA  and  Phase  IIB 
configurations.  Figure  1-2  shows  the  benefits  obtained  by  moving  the 
ejector  cant  point  aft. 
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c.  Nomenclature 


The  following  nomenclature  is  used  in  describing  the  engine-to-wing 
mating  v/ork, 

•  Ecjuivalcnt  diameter.  An  octagonal  ejector  is  used  to  eliminate 
base  drag.  As  it  is  cumborsonie  to  describe  the  size  of  an 
octagon,  i.o.,  by  dimensions  across  flats  and  corners,  tlie 
terminology  "equivalent  diameter"  or  "ctjuivalcnl  round"  lias 
boon  adopted.  This  expression  refers  to  the  diaiiieter  ul  a 
round  ejector  wlilch  has  the  saoic  geometric  area  as  the 
parlii  'liar  octagonal  ejector  untie  i-  discUHslon. 

•  Cant  point.  For  all  intenlM  and  j>urpoae.s,  the  plant?  througli 
wlio  h  tin;  ejector  is  canteil  » nte  rs  ec  t  H  the  engirii  i  (’liter  line 
a!  L  point  aljiaiit  wliich  the  ejector  i.'i  a  body  of  revolution. 

I  1 1 1  (  I  >  1 1  111  is  lulled  I  lie  e  j  I’l  I  o  r  i  nut  point,  I  1 1  (■  I  oi  tit  lo  1 1  ol 
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the  cant  point  influences  the  following: 

Ejector  cant  angle 

Position  of  the  ejector  i-elative  to  the  wing, 
d.  Background 

(1)  Selection  of  Cant  Point  Location 

For  a  given  size  engine  and  ejector  combination,  and  for  a  given  ex¬ 
haust  gas  target  point,  it  is  advantageous  to  move  the  cant  point  aft. 

As  the  cant  point  moves  aft,  the  ejector  cant  angle  decreases  while  the 
ejector  stays  close  to  the  trailing  edge  of  the  wing  with  very  little  in¬ 
terruption  of  internal  wing  structure.  This  is  illustrated  in  Figure  1-2 
It  is  desirable  to  have  a  decreased  cant  angle  because  of  ejector  inter¬ 
nal  aerodynamic  and  mechanical  reasons.  It  is  also  desirable  to  have 
the  ejector  clo'  e  to  the  wing  because  of  the  consequent  reduction  in 
base  drag,  and  simpler  wing  mating. 

In  the  course  of  studying  how  to  obtain  these  desirable  featv.res,  the 
ejector  was  canted  in  three  different  places.  In  Phase  IIA  the  ejector 
was  canted  at  the  rear  mount  plane.  Early  in  Phase  IIB .  the  cant 
point  was  moved  aft  to  the  rear  face  of  the  turbofan  primary  nozzle  to 
determine  the  effect  on  base  drag  and  ejector  cant  angle.  Later  in 
Phase  IIB,  the  cant  point  was  moved  slightly  forward  to  a  plane  which 
passes  through  the  throat  of  the  fan  nozzle  (or  the  afterburner  nozzle 
ill  a  turbojet).  T  his  latter  position  assured  symmetry  downstream  of 
the  nozzle  choke  point.  Boeing  selected  this  cant  point  as  the  one  which 
best  suited  their  installation.  In  each  of  the  foregoing  cases,  however, 
the  canting  results  in  some  non- symmetry  upstream  of  the  cant  point 
which  will  impose  additional  mechanical  and  aerodynamic  complexity. 

(2)  Mounts,  Tailfiaps,  and  Inlet  Extensions 

As  the  installation  progressed,  the  engine  (and  mounts)  were  moved 
rearward  to  rsduce  base  drag.  Finally,  in  order  to  get  the  variable 
exhaust  nozzle  (tailfiaps)  entirely  out  from  under  the  wing  where  it 
could  advorsly  effect  base  drag,  the  ejector  was  positioned  relative 
to  the  wing  such  that  the  hinge  point  of  tiie  tailfiaps  was  either  in  line 
with  or  aft  of  the  wing  trailing  edge.  Since;  the  Boeing  inlet,  position 
was  fixed  relative  to  the  wing,  the  engine  liad  to  fill  tlie  space  between 
the  ejector  (as  positioned  by  the  tailflap  hinge  point)  and  tlie  inlet.  The 
aliorter  turhc)fan  required  an  extension  or  spacer  between  the  engine 
inlet  and  the  Booing  inlet,  see  l''igure  1-1  .  The  longer  tujbojetH  with 
full  alierijiijiic- 1  u  tiid  nut  require  an  illicit  exleniiion  and,  in  some  cases, 
tlipy  worC'  long  fTiough  to  nec  e  s  n  il.al  e  inovug  llie  lailflap  liiago  point 
alt  of  the  wing  trailing  edge. 
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(3)  Boeing's  Installation  Requirements 

The  differences  between  the  installation  drawings  presented  later  n 
this  section  reflect  the  changes  in  Boeing's  installation  requirements 
as  well  as  changes  to  the  engine.  As  detailed  design  studies  progressed, 
various  aspects  of  the  power  plant,  including  length  and  diameter,  were 
revised.  Close  coordination  with  Boeing  was  essential  to  ensure  that 
these  revisions  were  compatible  with  the  frequently  changing  airframe 
requirements . 


The  installation  drawings  were  based  on  the  latest  Boeing  requirements 
in  the  following  areas: 

e  Wing  contour.  Wing  cross  section  at  the  outbound  nacelle 
location  was  provided  by  Boeing. 

•  Inlet  position  relative  to  the  wing.  This  was  changed  as  a 
function  of  the  inlet  flow  field. 

•  Exhaust  gas  target  point.  This  was  fixed  to  be  compatible 
with  good  cruise  performance  and  by  the  location  of  the  hori¬ 
zontal  stabilizer. 

•  Permissible  limits  of  mount  locations.  These  limits  were 
supplied  by  Boeing  from  time-to-time  based  on  the  latest 
wing  configuration. 

•  Thrust  reverser  targeting  requirements.  Reverse  thrust 
requirements  and  the  possibility  of  re-ingestion  were  taken 
into  consideration. 

•  Ejector  position  relative  to  the  wing  at  the  wing  trailing  edge. 
This  position  was  varied,from  time  to  time  depending  on  its 
influence  on  the  favorable  interference  effect  between  the 
engine  and  the  wing. 

As  a  rule,  the  inlet,  the  exhaust  gas  target  point,  and  the  position  of 
the  ejector  variable  tailflap  hinge  point  were  all  fixed  relative  to  the 
v/ing.  Tlie  objective  was  to  fit  the  engine  to  these  points  usin;;  ex- 
tens  ons,  canting,  etc,,  in  such  a  manner  as  to  result  in  the  minimum 
amoi  nt  of  interruption  of  wing  internal  structure-, 

(4)  Ejector  Concepts 

Improved  aerodynamic  and  mechanical  concept.s  wore  studied  during 
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Phase  IIB .  These  studies  resulted  in  the  sliding  shroud  ejector  (a 
fixed  shroud  ejector  was  used  in  Phase  HA).  The  sliding  shroud 
ejector  uses  more  efficiently  the  energy  available  from  the  engine  and 
secondary  air  streams,  and  reduces  the  minimum  wrap  of  the  ejector 
around  the  engine.  The  sliding  shroud  ejector  also  has  a  higher  L/D 
than  the  fixed  shroud  ejector.  Its  longer  length  for  a  given  diameter, 
together  with  the  translating  shroud  capability,  has  the  potential  for 
more  flexibility  in  accommodating  thrust  reverser  targeting.  This 
ejector  appears  on  the  latest  turbojet  and  turbofan  installations. 

(5)  Afterburner  Concepts 


The  afterburner  for  the  turbojets  progressed  from  a  short,  partial 
(acceleration)  type  unit  with  a  Mach  2,0  limitation  to  a  longer,  full 
afterburner  with  Mach  2.7  capability  (Boeing  indicated  that  they  re¬ 
quired  a  Mach  2.7  or  full  afterburning  capability).  This  primarily 
accounts  for  the  increased  length  of  the  turbojet  engines  toward  the 
latter  part  of  Phase  IIB. 

(6)  Flow  Schedules  and  Turbine  Inlet  Temperature 

Above  Mach  2.0  on  both  the  t.urbofan  and  the  turbojet,  the  corrected 
engine  airflow  as  a  function  of  Mach  number  may  be  selected  over  a 
range  of  values.  This  flexibility  gives  Boeing  an  opportunity  to  choose 
the  airflow  schedule  which  results  in  the  best  match  between  engine 
and  inlet.  A  "h/gh",  "base"  and  "low"  flow  schedule  were  offered.  In 
Phase  IIA,  Boeing  selected  a  base  flow  turbofan.  In  order  to  provide 
an  opportunity  for  comparison  of  turbojets,  all  three  flow  schedules 
were  offered  in  the  latter  part  of  this  Phase,  For  each  flow  schedule, 
configurations  for  both  the  2000  ”F  and  2300  °F  turbine  inlet  Lenipera- 
tures  were  presented.  Boeing  could,  therefore,  examine  the  trades 
involved  in  starting  initial  service  at  the  lower  tennperatur e  with  sub¬ 
sequent  growth  to  the  iiigher  temperature  within  the  same  external  en¬ 
velope  . 

e .  Discussion  of  5TF  219B  Turbofan  Installations 

The  study  of  new  ejector  and  installation  concepts  began  with  the  Phase 
UA  configuration,  (see  Figure  1-3  ),  which  was  a  600  Ib/sec  engine  with 
a  cylindrical  ejector  of  76.00  inch  diameter.  This  arrangement  pro¬ 
duced  a  base  drag  area  between  the  ejector  and  the  wing  trailing  edge 
of  approximately  425  sq,  in. 

The  object  of  tlie  new  studies  was  to  reduce  this  Ijase  drag  area,  thereby 
linproviiig  on  the  Pliase  IIA  liistallutloM .  Wing  contour,  mount  location, 
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and  exhaust  gas  targeting  information,  as  well  as  nacelle  canture  area 
and  a  5°  inlet  angle  relative  to  the  horizontal  reference  datum,  was 
supplied  by  Boeing  and  was  used  as  the  basis  of  these  studies.  An  oc¬ 
tagonal  ejector  was  selected  to  further  reduce  the  base  drag  area  at 
the  wing  trailing  edge.  The  flat  side  on  top  of  the  octagonal  ejector 
offered  possibilities  of  closer  coupling  to  the  wing  surface  than  the 
circular  section  of  the  Phase  IIA  ejector. 

A  number  of  new  arrangements  of  the  engine  and  the  octagonal  ejector 
relative  to  the  wing  were  investigated.  These  arrangements  are 
summarized  below. 

•  Figure  1-3  (Phase  IIB  configuration)  shows  how  an  octagonal 
ejector  with  the  same  equivalent  area  as  the  76.00  inch  dia¬ 
meter  ejector  of  Phase  IIA  reduces  the  base  drag  area  to  398 
sq.  in. 

•  As  in  Figure  J-3  ,  Figure  1-4  shows  an  arrangement  with 
the  engine  and  ejector  tangent  to  the  wing.  The  rear  engine 
mount  plane  was  moved  aft  40.00  inches  (relative  to  its 
Phase  IIA  position)  which  required  a  33.50  inch  extension 
to  the  engine  inlet  case.  The  ejector  was  canted  at  an 
angle  of  5°  at  the  rear  mount  plane.  The  base  drag  area 
was  red'‘.ced  to  337  sq.  in. 

•  Figure  1-5  shows  an  arrangement  with  the  rear  engine 
mount  plane  moved  aft  30.00  inches.  The  ejector  was 
canted  8°  at  the  rear  mount  plane  and  the  engine/ejector 
was  inserted  4.00  inches  into  the  wing.  A  31.00  inch  ex¬ 
tension  was  required.  The  base  drag  area  was  reduced  to 
3Z0  sq.  in. 

e  Figure  1-6  shows  an  ariangement  identical  to  Figure  1-5 
except  that  the  ejector  cant  point  was  moved  aft  to  the 
primary  nozzle  plane.  The  cant  angle  is  6“.  A  40.00 
inch  extension  was  required  for  this.  The  base  drag  area 
was  reduced  to  230  sq.  in. 

•  Figure  1-7  shows  an  arrangement  with  the  rear  mount 
plane  moved  aft  40.00  inches  and  the  ejector  canted  at  8° 
at  the  primary  nozzle  plane.  The  engine/ujector  was  in¬ 
serted  4.00  inches  into  the  wing.  A  40.00  inch  extension 
was  required.  The  base  drag  area  was  reduced  to  150  sq. 
in . 
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<•  Figure  1-8  shows  the  best  arrangement  from  a  base  drag 
reduction  standpoint.  The  ejector  tailflap  hinge  line  was 
moved  aft  to  the  wing  trailing  edge  and  set  tangent  to  it. 

The  ejector  was  canted  9  °  at  the  primary  nozzle  plane. 

This  configuration  required  a  51.50  inch  extension,  but 
reduced  the  base  drag  area  to  zero. 

At  this  point  in  the  program,  Boeing  specified  a  larger  ejector  diameter. 
Their  area  ruling  dictated  an  ejector  area/inlet  area  ratio  -  1.7. 

Based  on  this,  the  ejector  equivalent  diameter  was  increased  *0  78.00 
inches.  Figure  1-9  shows  an  arrangement  with  this  larger  ejector 
canted  11°  30'  at  the  rear  mount  plane.  The  ejector  tailflap  hiiige 
line  was  aligned  with  and  set  tangent  to  the  wing  trailing  edge.  This 
configuration  required  a  44.00  inch  extension.  The  base  drag  re¬ 
mained  at  zero. 

The  ejector  cant  point  was  moved  10.00  inches  forward  of  the  primary 
nozzle  plane  to  the  throat  of  the  fan  ncizzle.  This  preserved  symmetry 
downstream  of  the  fan  nozzle  choke  point.  Figure  1-10  shows  an 
arrangement  using  this  new  cant  point  on  the  new  78.00  inch  diameter 
equivalent  ejector.  The  ejector  tailflap  hinge  line  was  aligiied  and  set 
tangent  to  the  wing  trailing  edge.  The  ejector  cant  angle  was  8°  45'. 
This  required  a  49 . 00  inch  extension.  Here  again  the  base  drag  area 
■was  zero. 

Figure  1-11  shows  an  arrangement  for  a  650  Ib/sec  engine  with  an  81.00 
inch  equivalent  diametei  ejector.  The  ejector  is  positioned  so  that  the 
tailflap  hinge  line  is  aligned  with  the  wing  trailing  edge.  The  upper 
surface  of  the  octagonal  ejector  is  set  3.00  inches  above  the  wmg  upper 
surface  at  the  wing  trailing  edge  as  requested  by  Boeing.  The  nacelle 
inlet  capture  area  center  point  location  of  29.60  inches  down  from  the 
horizontal  reference  line  was  changed  to  28.30  inches  by  Boeing.  The 
ejector  cant  angle  became  8°  41.7'  and  a  17.4  inch  extension  was 
required. 

Figure  1-12  shows  a  further  Boeing  revision.  The  inlet  angle  was  re¬ 
duced  to  2°  15'  from  5°.  Figure  1- 12is  identical  to  Figure  1- 1 1  except 
for  the  aforementioned  inlet  angle  and  the  ejector  cant  angle  which  was 
increased  to  11°  2.  1'.  A  30.63  inch  extension  was  required. 

Figure  1-13  shows  an  arrangement  for  a  600  Ib/sei;  engine/ojeclor 
system  and  is  similar  to  Figure  1-10  except  that  it  was  laid  out  to  the 
latest  Boeing  geometry.  The  latest  Boeing  inlet  centerline  location 
of  27.  30  inches  down  from  the  horizontal  reference  datum  was  used. 

The  ejector  was  positioned  ps  before,  3.00  inches  uliovc  liie  wing  with 
the  tailflap  hinge  line  aligned  with  the  wing  trailing  edge.  The  octagonal 
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ejector  hat;  a  78.00  inch  equivalent  diameter  .and  was  canted  10.00 
inches  forward  of  the  primary  nozzle  plane.  The  ejector  cant  angle  is 
10°  55'  and  the  configuration  requiied  a  38.98  inch  ex.ten.sion. 

The  previous  installation  studies  all  involved  fixed  shroud  ejector  de¬ 
signs.  A  sliding  shroud  ejector  was  evolved  in  Phase  IIB .  This  shroud 
makes  more  effective  use  of  the  energy  in  the  engine  and  secondary  air 
streams,  reduces  the  minimum  wrap  of  the  ejector  around  the  engine, 
and  provides  greater  reverser  targeting  flexibility.  On  the  turbofan, 
the  shroud  translates  to  three  positions.  The  cruise  position  (blow-in 
doors  closed)  is  the  forward-most  position.  For  take-off  and  up  through 
the  blow-in-door  operating  range,  the  shroud  translates  somewhat  rear¬ 
ward  relative  to  the  cruise  position.  The  shroud  translates  further  rear¬ 
ward  for  reverse.  The  sliding  shroud  ejector  is  described  in  detail 
elsewhere  in  this  report.  Figure  1-14  shows  a  turbofan  configuration 
which  incorporates  a  sliding  shroud  ejector.  Figure  1-14  also  shows 
the  most  recent  STF  219B  accessory  arrangement. 

f .  Discussion  of  STJ  227B  Turbojet  Installations 

A  500  Ib/sec  afterburning  turbojet  engine  installation  was  presented  to 
Boeing  for  their  initial  Ph.ase  IIB  studies.  A  number  of  new  arrange¬ 
ments  of  the  STJ  227B  engine/ejector  relative  to  the  wing  were  investi¬ 
gated.  The  arrangements  are  summarized  below.  Two  maximum  tur¬ 
bine  inlet  temperatures  were  considered:  2C00°F  and  2300 °F. 

•  Figure  1-15  shows  an  arrangement  using  an  octagonal  ejector 
of  75.00  inch  eo'  ivalent  diameter  on  a  2300 °F  turhiue  inlet 
temperature  engine  with  partial  augmentation.  The  inlet 
cowl  was  located  27.00  inches  down  from  the  horizontal 
reference  line.  Wing  contour,  reverser  targeting,  and  the 
5°  inlet  angle  were  supplied  by  Boeing  and  were  used  as  the 
basis  for  these  studies.  The  ejector  was  positioned  so  that 
the  tailflap  hinge  line  was  aligned  to  and  set  tangent  with  the 
wing  trailing  edge.  The  ejector  was  canted  at  the  rear  engine 
mount  plane  with  a  10°  15'  angle  required  to  hit  Boeing's 
exhaust  gas  target  point.  This  configuration  required  a  13.40 
inch  extension  at  the  engine  inlet. 

•  Figure  1-16  shows  an  arrangement  identical  to  Figure  1-15 
except  that  the  ejector  cant  point  was  moved  aft  to  the  throat 

of  the  afterburner  nozzle,  which  reduced  the  cant  angle  to  7°  40'. 
This  required  a  13.80  inch  extension. 
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The  2000  "F  maximum  turbine  inlet  temperature  t  ngine  incorporated 
a  full  afterburner  from  its  inception  and  was  thus  longer  than  the 
2300  °F  engine  with  partial  augmentation.  An  81.00  inch  equivalent 
diameter  ejector  was  used.  Figure  1-17  shows  an  arrangement  using 
this  size  octagonal  ejector  on  a  2000  turbine  inlet  temperature 
engine.  The  ejector,  canted  at  the  rear  engine  mount  plane,  required 
a  cant  angle  of  8°  25'.  The  overall  length  of  the  engine  and  ejector 
eliminated  the  need  for  an  inlet  extension. 


Figure  1-18  shows  an  arrangement  identical  to  Figure  1-17  except  that 
the  ejector  was  canted  at  tiie  throat  of  the  afterburner  nozzle,  which  re¬ 
duced  the  required  cant  angle  to  6°  30'. 

At  this  point  in  the  program  th  .  ngine  size  was  increased  to  525  Ib/sec. 
Figure  1-19  shows  an  arrange  i,  'nt  of  this  engine  with  a  partial  after¬ 
burner  and  its  required  76.  8  '  equivalent  diameter  ejector  for  tur¬ 
bine  inlet  temperature  of  230(  This  configuration  was  positioned 

relative  to  the  wing  according  he  latest  Boeing  data.  A  capture 
diameter  of  56.18  inches  local  27.75  inches  down  from  the  horizontal 
reference  line  with  an  inlet  of  2°  15'  was  used.  The  ejector  tail- 

flap  hinge  line  was  aligned  vr  e  wing  trailing  edge  and  with  the  upper 

surface  of  the  octagonal  ejec'  J.OO  inches  above  the  wing  upper  sur¬ 
face  at  the  wing  trailing  edge  The  ejector  was  canted  slightly  forward 
of  the  afterburner  nozzle  thi  a.  at  10°  50'.  A  21.00  inch  inlet  exten¬ 
sion  was  required. 

Figure  1-20  shows  the  corresponding  arrangement  for  a  fully  augmented 
2000  °F  engine  with  its  required  83.00  inch  equivalent  diameter  ejector. 
The  engine  was  positioned  relative  to  the  wing  similar  to  that  shown  in 
Figure  ]-19  except  that  the  length  of  the  engine  moved  the  ejector  tail- 
flap  hinge  line  35.00  inches  aft  of  the  wing  trailing  edge.  The  ejector 
was  canted  at  a  point  2.40  inches  forward  of  the  afterburner  nozzle 
throat  at  8°.  No  extension  was  required. 


The  previous  installations  all  had  fixed  shroud  ejectors.  Later  instal¬ 
lations  used  the  sliding  shroud  ejector.  On  the  turbojet,  the  shroud  trans¬ 
lates  such  that  it  has  one  position  for  forward  flight,  and  another  for 
rever.se.  This  ejector  is  described  in  detail  elsewhere  in  this  report. 

Six  full  afterburning  turbojet  configurations  incorporating  the  sliding 
shroud  ejector  v.'ere  presented  to  Boeing .  These  six  configurations 
comprised  a  high,  base,  and  low  flow  version  of  the  2000°F  and  the 
2300  °F  engine.  Each  configuration  was  adjusted  to  its  particular  flow 
schedule  and  temperature  for  comparative  purposes.  As  in  the  case 
of  the  turbofan,  once  the  comparison  has  been  completed  and  a  selection 
made,  one  configuration  may  then  evolve  which  permits  growth  from 
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2000  “F  to  2300  "F  within  the  same  external  envelope.  The  six  configu¬ 
rations  are  summarized  below: 

•  Figure  1-21  shows  an  installation  study  for  a  2000°F  tur¬ 
bine  inlet  temperature,  high  flow  engine.  The  ejector  size 
used  for  this  configuration  was  78.00  inch  diameter  equiva¬ 
lent  and  was  canted  1.50  inches  forward  of  the  afterburner 
nozzle  throat  at  7°  55'. 

«  Figure  1-22  shows  an  installation  study  for  a  2000  °F  turbine 
inlet  temperature,  base  flow  engine.  The  ejector  size  used 
for  this  configuration  was  75.00  inch  diameter  equivalent 
and  was  canted  1.80  inches  forward  of  the  afterburner  nozzle 
throat  at  8  ®  35' . 

•  Figure  1-23  shows  an  installation  study  for  a  2000 ’F  turbine 
inlet  temperature,  low  flow  engine.  The  ejector  size  used 
for  this  configuration  was  72.00  inch  equivalent  diameter 
and  was  canted  1,  75  inches  forward  of  the  afterburner 
nozzle  throat  at  8  °  50'. 

•  Figure  1-24  shows  an  installation  study  for  a  2300  °F  turbine 
inlet  temperature,  high  flow  engine.  The  ejector  size  used 
for  this  configuration  was  78.00  inch  equivalent  diameter 
and  was  canted  1.65  inches  forward  of  the  afterburner  nozzle 
throat  at  8 °  9' . 

•  Figure  1-25  shows  an  installation  study  for  a  2300  °F  turbine 
inlet  temperature,  base  flow  engine.  The  ejector  size  used 
tor  this  configuration  was  75.00  inch  equivalent  diameter 
and  was  canted  1.80  inches  forward  of  the  afterburner  nozzle 
throat  at  8°  35' . 

•  Figure  1-26  shows  an  installation  study  for  a  2300°F  turbine 
inlet  temperature,  low  flow  engine.  The  ejector  size  used 
for  this  configuration  was  70.00  inch  equivalent  diameter 
and  was  canted  2.00  inches  forward  of  the  afterburner  nozzle 
throat  at  9  °  45' . 

It  should  be  noted  that  in  the  above  six  installation  studie-'  the  overall 
length  of  the  engine/ejector  eliminated  the  need  for  an  inlet,  exten-sion. 

Figure  1-27  shows  the  most  recent  SU  227  accessory  arrangement. 
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2.  INSTALLATION  COORDINATION  WITH  THE  LOCKHEED 

CALIFORNIA  COl  PORATION 

a ,  Introduction 

Coordination  meetings  were  held  between  the  Contractor  and  the  Lock¬ 
heed  California  Corporation  during  Phase  IIB  .  The  most  significant 
topics  discussed  in  the  course  of  tnese  meetings  are  summarized  below: 

•  Engine  accessories.  The  Phase  HA  arrangement  was  revised 
in  order  to  relocate  the  accessories  away  from  the  bottom  of 
the  engine. 

•  Ejector.  An  octagonal  blow-in-door  ejector  was  studied  as  an 
alternative  to  the  iZ-sitVd  design  presented  in  Phase  HA. 

•  Engine  cant  and  wing  relationship.  A  study  was  made  to  deter¬ 
mine  the  most  desirable  location  for  canting  the  engine  as  the 
result  of  Lockheed's  request  that  the  engine  be  canted  4"  in  a 
downward  direction. 

•  Sonic  boom.  The  size  of  the  engine  was  changed  in  the  light 
of  the  FAA's  reduction  in  the  sonic  boom  overpressure  re- 
quirenients  . 

•  Turbojet  installations.  A  number  of  installation  sketches  was 
prepared  for  various  versions  of  the  turbojet,  which  was  rein¬ 
troduced  during  Phase  IIB. 

b .  Accessory  Study 


Pratt  &  Whitney  Aircraft  restudied  the  accessory  arrangement  proposed 
in  Phase  IIA .  This  arrangement  consisted  of  engine  accessories  driven 
by  a  gearbox  located  on  the  bottom  of  the  engine  and  a  power  take-off 
gearbox  located  on  top  of  the  engine  which  supplied  power  to  drive  the 
airframe  accessories.  Lockheed  requested  that  all  engine  accessories 
containing  combustible  fluids  be  moved  from  the  bottom  of  the  engine 
to  reduce  the  danger  of  fire  in  the  event  of  a  collapsed  landing  gear  or 
belly  landing . 

Figure  1-28  shows  a  revised  arrangement  with  the  engine  accessories 
split  into  two  groups.  Those  accessories  requiring  a  pov.'er  (irive  were 
raounfed  on  the  gearbox  located  on  the  left  side  ol  the  engiru-  at  the 
engine  horizontal  center  line.  The  remaining  acccssriries  were  grouped 
at  the  same  elevation  on  the  opposite  side  of  the  erigine.  All  accessories 
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were  removed  from  the  bottom.  This  arrangeirient  was  rejected  by 
Lockheed  because  the  accessories  in  the  upper  quadrants  interfered 
with  their  front  engine  mount  structure.  The  arrangement  also  pre¬ 
vented  ready  access  to  the  power  take-off  gearbox. 

Continued  study  rejected  the  use  of  two  separate  towershafts  and  gear¬ 
boxes  for  engine  accessaries  because  of  internal  gearing  difficulties. 

A  new  arrangement  (Figure  1-29)  wa.s  devised  with  the  engine-driven 
accessories  located  on  the  left  side  of  the  engine  approximately  45® 
below  the  engine  horizontal  center  line.  The  remaining  accessories 
were  located  at  the  same  level  on  the  opf  :>site  side  of  the  engine. 

Although  this  arrangement  involved  greater  difficulty  in  removing  the 
accessories  from  the  bottom  of  the  engine,  the  arrangement  was  gen¬ 
erally  acceptable  for  the  700  Ib/sec  engine  size.  When  the  size  was 
reduced  to  650  Ib/sec  this  accessory  arrangement  becam.e  less  attrac¬ 
tive,  as  the  units  were  crowded  together  in  the  reduced  circumferential 
space.  An  alternate  arrangement.  Figure  1-30  evolved  locating  the 
engine  accessory  drive  shaft  on  the  right  horizontal  centerline,  with 
the  accessories  grouped  differently  from  Figure  1-28, 

c ,  Octagonal  Ejector 

Early  in  Phase  IIB  Pratt  St  Whitney  Aircraft  studied  the  use  of  an 
octagonal  blow-in-door  ejector  as  an  alternate  to  the  circular  door  12- 
sided  design  presented  in  Phase  IIA.  Figure  1-31  is  a  schematic  draw¬ 
ing  of  the  octagonal  ejector  sent  to  Lockheed.  The  octagonal  ejector 
dominated  studies  during  Phase  IIB.  All  subsequent  installation  sketches 
sent  to  Lock-heed  represented  some  modification  to  this  design.  A 
detailed  description  of  ejector  studies  is  covered  in  the  Ejector  Rever- 
sers  section  of  this  report. 

d .  Engine  Cant  and  Wing  Relationship 

During  Phase  IIB  Lockheed  moved  both  the  inboard  and  outboard  en¬ 
gines  rearward  on  the  wing  approximately  5  to  6  feet.  Concurrently, 
they  requested  that  the  engine  be  canted  4®  downward.  A  study  was 
made  to  determine  the  most  desirable  location  for  canting  the  engine, 
and  a  point  just  forward  of  the  ejector  was  chosen.  Figure  1-32  (out¬ 
board  engine)  and  Figure  1-33  (inboard  engine)  show  the  STF219-L-700 
engine  installed  in  the  Lockheed  L-2000-4  wing  with  a  4®  engine  cant. 
This  sketch  indicated  that  the  rearward  relocation  of  the  engine  allowed 
the  installation  of  the  engine -ejector  to  ignificantly  reduce  wing  block¬ 
age  of  the  blow-in  doors.  During  Phase  IIA,  the  forward  location  of 
the  engine  placed  the  ejector  in  the  thicker  part  of  the  wing  and  resulted 
in  blockage  of  two  blow-in  doors. 


PAOe  NO  1-12 


CONFIOIENTIAL. 


fjRAiT  &  wMirNry  aircraft 


CONFIOENTIAt. 


FWA-iibOO 


e.  Redu^:tion  of  Sonic  Boom  Overpressure  Requirements 

The  FAA's  reduction  of  the  sonic  boom  overpressure  reduced  tiie  maxi¬ 
mum  thrust  requirement  for  the  engine.  The  engine  is  now  sized  for 
cruise  thrust  levels  instead  ol  the  greater  thrust  levels  previously 
required  for  transonic  acceleration.  In  addition,  refinement  of  the 
aircraft  design  with  accompanying  increases  in  lift/drag  values  lowered 
thrust  requirements.  As  a  result  the  size  of  the  engine  was  reduced  to 
650  lbs /sec  airflow  size. 


Figures  1-34  and  1-35  are  installation  drawings  for  the  new  size  of 
engine.  Critical  areas  (i.e.  accessor  y  arrangement  and  ejector  O.  D.) 
were  reviewed  to  assure  proper  nacelle  clearance.  These  drawings 
reflect  the  cha.iges  in  basic  engine  length  derived  from  the  continuing 
detailed  design  of  the  engine.  The  most  significant  change  was  the 
addition  of  a  diffuser  section  between  the  third  stage  turbine  blades  and 
the  rear  struts.  This  results  in  the  reduction  of  the  exhaust  gas  velocity 
from  the  turbine  to  the  desired  value.  This  feature  is  further  explained 
in  the  section  of  this  report  on  Turbine  Design,  A  revised  weight  for 
the  650  Ibs/sec  STF219  engine  was  developed. 

f .  Miscellaneous  Studies 

Lockheed  expressed  concern  about  the  area  available  for  passing 
secondary  airflow  between  the  front  mount  ring  O.D.  and  the  nacelle 
wall.  Information  was  then  supplied  to  Lockheed  describing  the  weight 
changes  in'uri-ed  in  reducing  the  front  mount  ring  O.D.  by  0.  5  and  1.  0 
inches  to  i^  crease  the  secondary  air  passage.  The  design  of  the  ring 
had  been  optimized  in  Phase  IIA, 


While  the  detail  design  of  the  STF219  turbofan  continued,  a  study  was 
made  to  position  the  Pj.2  and  T^^^  probes,  which  are  necessary  for 
biasing  the  engine  fuel  control.  The  probes  were  located  in  the  engine 
front  mount  ring  as  shown  in  Figure  1-36. 


At  the  end  of  Phase  IIA,  Lockheed  requested  a  study  of  flame  arrestors 
in  the  secondary  airstream.  Although  spring-loaded  flapper  valves  in 
the  secondary  air  stream  to  prevent  a  reverse  or  forward  flow  of  sec¬ 
ondary  air  were  included  in  the  Phase  ilA  design,  it  was  considered 
possible  that  during  conditions  of  very  low  rearward  secondary  airflow, 
a  combustible  mixture  from  a  leak  in  the  engine  compartment  might 
ignite  when  it  reached  the  hot  exhaust  section.  This  could  propagate 
forward  through  the  flapper  valve  openings  into  the  engine  compartment. 
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L.ockhfed  provided  a  sketch  of  a  suggested  flame  arrestor  showing  the 
general  construction,  frontal  a.rea ,  and  desired  pressure  drop.  The 
resulting  study  is  shown  on  Figure  l-i7.  The  flame  a’^restors  were 
located  immediately  forward  of  the  flapper  valves.  Their  installation 
requires  a  mounting  structure,  iittachment  flanges,  and  accessibility 
for  replacement  of  damaged  unit-s.  The  original  study  based  on  the 
700Tbs/sec  engine  showed  that  the  flame  arrestors  could  be  installed 
without  difficulty  and  still  provide  the  required  area  to  maintain  a 
minimum  pressure  drop. 

Continued  detail  design  of  the  engine  and  the  reduction  in  engine  s  e 
from  700  lbs /sec  to  650  lbs /sec  resulted  in  slightly  less  room  for  the 
flame  arrestors.  Similarly,  continued  ejector  studies  resulted  in  a 
tighter  wrap  between  the  engine  and  the  ejector  reducing  still  further 
the  area  available  for  the  flame  arrestors.  A  study  was  made  of  the 
entire  secondary  airflow  passage  from  the  engine  inlet  to  the  ejector 
throat  because  of  these  changes  and  the  possible  increase  in  secondary 
airflow  to  nearly  18  percent  of  the  primar/  airflow/. 


Figure  1-3  8  shows  that  the  minimum  area  available  for  secondary  air¬ 
flow  occurs  at  the  fl.ame  arrestors,  flapper  valves,  and  rear  mount 
rings.  Figure  1-39  shows  more  detail  of  these  areas.  This  minimum 
area  is  now  smaller  than  earlier  studies  showed.  With  an  increase  in 
secondary  airflow  and  a  corresponding  increase  in  pressure  drop,  con¬ 
tinued  studies  will  be  required  in  this  area  to  provide  a  proper  installa¬ 
tion. 

g.  Turbojet  Installations 

The  reintroduction  of  the  turbojet  engine  during  Phase  IIB  required 
\;pdating  of  the  Phase  IIA  in.stallation.  As  a  result,  two  preliminary 
installation  drav/ings  for  a  partial  afterburning  and  a  full  afterburning 
turbojet  were  developed  for  the  initial  study  (Figures  1-40  and  1-41). 
Subsequently,  as  the  turbojet  design  evolved,  a  series  of  six  installa¬ 
tion  sketches  v/ere  prepared  each  showing  the  effect  of  turbine  inlet 
temperature  and  airflow  schedule  selection  on  the  size  of  the  engine 
and  ejector.  Figure  1-42  presents  a  typical  turbojet  engine.  The 
major  dimensions  and  differences  between  each  of  the  six  engines  are 
summarized  on  page  1-16,  All  versions  of  the  turbojet  ai  e  fully 
augmented  and  weights  for  each  of  the  six  engines  were  quoted. 

Figure  i-43  shows  external  dimensions  and  a  proposed  accessory  ar¬ 
rangement  for  the  high  temperature,  base  flow  engine. 
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The  4°  downward  cant  of  the  engine  is  required  for  the  turbojet  engine 
as  well  as  the  turbofan.  Various  combinations  of  engine  positions 
relative  to  the  L-2000-4  wing  shape  were  tried.  The  current  design 
has  placed  the  cant  in  the  turbojet  engine  slightly  aft  of  the  rear  mount 
structure.  All  subsequent  installation  studies  showed  the  rant  at  this 
location  with  an  octagonal  sliding  shroud  ejector. 

The  additional  length  of  the  turbojet  engine  plus  the  rearward  movement 
of  the  engines  relative  to  the  wing  makes  it  possible  to  install  the  en¬ 
gine  in  the  L-2000-4  wing  without  blockage  of  any  of  the  ejector  blow- 
in  doors.  Reaching  this  optimum  position  requires  setting  the  ejector 
higher  into  the  wing  and  increasing  the  cant  angle  to  approximately  6° 
(Figure  1-44).  As  seen  in  the  figure,  the  engine  rear  mount  ring 
appears  to  be  in  a  favorable  position  for  direct  mounting  to  the  wing. 

An  alternate  scheme  placed  the  top  of  the  ejector  flush  with  the  top  of 
the  wing.  This  allowed  full  utilization  of  the  blow-in  doors  and  intro¬ 
duced  the  added  feature  of  reduced  cant  angle.  Unfortunately  this 
arrangement  lowered  the  engine  relative  to  the  wing  sufficiently  to 
oUminare  a  practical  mounting  installation. 

Continued  detail  design  of  the  engine  will  create  further  areas  requiring 
coordination  and  revised  installation  techniques  and  procedures. 
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spaelfltftHv  fleal/iiif  l  fur  niiunianintloii  •lurlny  liiirii'tjiiif  upainliun  frooi 
Macli  1 ,  2  to  Merli  I  H  Above  Mat  h  2,  ibu  runilj'.Bllim  (  tinrober  Ms' li 
liumliar  irn  reanini  Itipl'lly  iiijDVH  Ib**  ■ ‘>n!l)U‘! ! !  on  5l;!l!!!i!y  Moil!  lllfi 

L’QfnbiJfltlon  ijliaiMbor  inlnt  |Din|iei'iiiiii'i‘  ■:! rop|»«il  iniu  ilie  oirirulnal  fOiio 
Ignition  llow'ever,  rliii’lliy  I'liaau  UR,  Ilia  nonb  o  vn  r  pi  a  a  u  o  ra 
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llmilM  Worn  Incruaocrl  frijm  2,  0  lo  2,  5  pnf  for  tmiiHoriic  ncco Ipr/itioti 
itnfl  fj'om  1  '"i  to  1,7  paf  for  wnpr* riionic  cruinc.  Tltia  aliift  rodul li^rl  in 
llif!  rnKlnnfl  balnf^  Ml/nrt  for  auporiionJc  cruisd  rulhor  Ilian  for  IranBonic 
I’lcrn Kir ii ll on  ntirl  marlo  the  .S'l’J?.?.?  tarhnjel;  en;^)nn  wllli  full  .‘iiiKnionlai ion 
iin  ii  11 !  at- 1 1  vn  [jnwnrplaill,  Coriunfiiionl  ly ,  holh  ena  Itu'x  wnm  re  n  hid  ind  , 


Tlio  porformnnce  of  the  aninilnlled  en^inoa  aI  Boveioi)  critical  flight  (‘oii“ 
dillciria  Is  shown  In  ^I'abht  1'3,  T  .«  thrust  upoclflr  fuel  conMiimptlon  over 
a  w'lde  raiiga  of  power  settings  is  tihown  in  P'lgnres  1-4^  tlirough  I '•<17. 

'I  ho  effect  of  rfioptlmlziny  the  STF219  englna  is  shown  in  'I  ahle  l-d  aiid 
Figures  l"4h  through  1-90,  Slmllse  data  fnr  the  S'r.J227  engine  Is  pre- 
aaiited  in  'fnhle  l“9  and  l''lghrss  •••9|  (hroiigh  1-91,  Dnltillnd  flrslgn  lii' 
iorfliatlon  is  pl'Oi  niilod  iti  .Section  Z, 


TABI.F  I-;! 


Per foi'manPB  of  IfniristAlIdd 
STJ22?  ami  STF219  Kiiginea 


Aflorhiicnlng  Tiirl'iolet  nuci  Healing  TurKo/'.in 


Trtlta»Qff  Maximum  'I'hriist  (Ih) 

97000 

Avnoo 

92900 

9  7000 

Nomlfial  Airflow  Slute  (lli/o«c) 

929 

92.9 

K90 

690 

Ciiiiaa  Turliino  Inlet  'ramporntui'e 

ri') 

1900 

2200 

IV'i" 

2.200 

TrnniOnle  Aoea loralloni  M»)ch  1.2,  at 

49000  Ft 

Tltrusl  1 1  h) 

?,0600 

21  'lOO 

IIMOO 

)  VUh" 

cipai  Ific  Fun)  Consiimpllon  (Ih/  lir  /Ih) 

1.  VI 

1  ,  M  J 

I  ,  Hit 

t  .  04 

.5uiim' (Uiiilc  JTi‘uI#!o  Macii  2i  7  at  K'VOOtl  FF  .  1  Ivrusl  “  ’/Mtll)  lli 

fl|j(iclflc  Fuel  ConfliMiiplIori  (Ih/hr  /Mil  I  -M  I  , '19  )  94  |  >Hi 

hulisuiiU  thMj  dhroltlei  Mail'  h  'i  at  36|90  'I  lii'us  l  ^  7'‘i(ip 

i^poc  lfit  J' lie  I  Consumption  (Ih/  hr/lh)  I  (19  |  .  OK  0  alt  0  . ‘1 1 

aiihsonlt  l*art  lliroltle,  Mach  0  fj  at  I ‘iuoo  |‘'ti  'Mi  run  I  =  OKmi  |h 

“porifli  I'nol  f  oijHiriiipl  iou  (IK/  hi  /IK)  I  2‘>  I  2 'I  0  '/*i  ()  U(, 

f*>t  I  In  - u— (:  .  ^  , 
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TABLE  ). -4 

Poriormnncf}  ol  STF..i‘;  Engino  at.  Cornpl.u  on  of  Phase  IlA 
ati'l  jomplniion  ijf  Pha^c  JIB 


liasi' 

J  Engitio 

lnlti.il 

Engiiu? 

4 

Phase  lit  A 

1 

.Ph.a^  jro 

Pliafce  HA 

Phijfle  IIU 

% 

SupPrBQiHc  CrulBC  TuvblTi'j 

inlet  Temperaturn  ("F) 

2200 

2200 

1900 

1900 

f 

Tflko-O/f  Mflxlmtirri  TIi/mibI  (1| ) 

^6e00 

57000 

52100 

s,mo(i 

.-f 

Airflow  .Slzn  (Ib/Hnr) 

650 

650 

650 

650 

t 

j 

MaKln^tim  Dlnmoter  (in) 

19.1 

81 

79,  7 

H) 

e 

Engine  Weight  Including  Ejector 

E 

if. 

(lb) 

9150 

9560 

9200 

9560 

1 

1970U 

I9H00 

)H  JOO 

18400 

§ 

£. 

S 

i 

\ 

1  .«-1 

1  ,  84 

1  .  88 

1  88 

i 

T ranaonli:  Macji  1 , Mjl HOOP  .Pi 

Tlirust(lb)  l<;'/0u  j'jHUP  Jh  ino 

iSpet  lfltj  i'ufd  L't>/?rt(i»ripllfiti 

(llv/  ll)'  /  IP)  j  )  y/J  I  ,jy 

'^a^t  6^000  Pl ,  TJu  n « t  -  7M 0 tJ  I  b 

BpgeJfic  Futil  C/OnHiirripllor, 

(lb/  ■•S'  /lb)  j  ,  /)>j  J  •l|i  1  I'jT 

!»■  Mat  h  P.  9  at^ J  ' r nii t  ^ _7i00_ i h 
Spficlfiti  Fuial  CoriHuiTirJlIon 

(Hi/  III'  /  111)  (,  ,,  rj  I  (, 

J^art  Tlirottlrji^  (.  „t  i‘’PltP.  M^  'j  h  n^i*l  «  b/^)P  lb 

.i|it3i  jtli  ri|fi|  LoiiMuinptldh 

I  ib/  hr  /  111)  0,  9  /  0,  1)6  0,  ('6 
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TABLE  1-5 

Performance  of  STJ227  Engine  at  Completion  of  Phase  IIA 
and  at  Completion  of  Phase  HE 


B.Rflic 
Phase  ILA 

Engine 

Phase  IID 

Initial  Engine 
Phase  IJB 

Super aonic  Cruiae  Turbine 

Irlet  Temperature  ("F) 

2200 

2200 

1900 

7;ilca-0ff  Maximum  \ruHt.  (lb) 

60600 

59800 

57000 

Airllow  Size  (Ib/aec) 

525 

52'^ 

525 

Maximum  Diameter  (in) 

78 

75 

75 

Engine  Weight  Including  Ejector  (lb)  9850 

10455 

10470 

Tr&f,i(!<mio  Accolerotion,  Mach  1 

.  2  at  4  5000  Ft 

'Cliruat  ( lb) 

2H00 

21400 

20600 

Spe(  i fie  Fuel  CGiiHumption 
(lb/  hr /lb) 

I.  86 

1 ,83 

191 

Siipi'  V Honi c  C  ru'iua ,  M auTi  2.7  at  65000  Ft,  Tliruwt  9800  lb 

3po(  ific  F'ua)  Conaunipllon 
iii>/  hr/ii^) 

!  .  50 

1 ,  1  ■) 

1.41 

Subflunlc  Part  Throttlu,  Mach  0, 

9  al  36150  Ft, 

ThruBl  ^  7500 

_l_b^ 

.Spocific  1  C  on  a  urn  pt  ion 

(lb/  lir  /lb) 

1.10 

1 .  06 

1  05 

S 1 1  b u ti u  1  c  Part  T 1  m M uch  0. 

6  at  15000 

TlirusL  6500 

lb 

ri|jc!<' 1  /  b'  Ji'iiel  (Iona  .iinpti  on 
(lb/  Irr/lb) 

1 ,  33 

1  ,  25 

1  .  25 

1-  r.  .•}!£ 

.1.  1  2  0 

I  ,|»c  * 
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Particular  emphasis  during  Phase  IIB  was  placed  on  the  augmentation 
systems,  and  IBM  I'jerformance  decks  were  provided  to  the  airframe 
manufacturers  to  permit  airfr ame~powerplant  optimi ?,ation  with  the 
fully  augmented  turljojet  engine.  In  addition,  a  study  of  inflight  thrust 
measurement  techniques  based  on  the  STF2]9  engine  was  conducted. 

2.  AUGMENTATION  SYSTEM  STUDIES 

'Die  relaxation  of  the  sonic  boom  overpressure  limit  permitted  a  re¬ 
optimization  of  the  engine  cycles,  and,  in  particular,  the  augmentation 
.systems.  For  the  STF219  engine,  the  effeci  of  reducing  the  amount  of 
augmentation  and  the  magnitude  of  the  thrust  discontinuity  between  un- 
augmented  and  minimum  augmented  operation  were  .studied,  For  tin; 
STF227  engine,  the  effects  of  the  turbine  inlet  tempci'aturc  and  engine 
air  flow  on  augmenlor  performance  were  studied. 

a.  .STr  219 

Since  the  engines  are  now  sized  for  supersonic  cruise  rather  than  for 
Iraiifltmic  accaloration,  the  fuel  consumption  during  climh  "an  he  rc- 
ducefl  by  reducing  the  duct  heater  augmenlal  ion  thrust  and  temper.alure . 
A  reduction  in  the  maximum  augment.ation  thrust  of  I  to  5  percent  cor¬ 
responds  to  an  augmentation  temporaturn  reduction  of  100  to  300 "F  and 
iric run flu «  tin.*  aircratt  r.ange  liy  20  fo  3S  miles 


The  Phase  UA  evaluation  indicated  that  the  ovalimting  team  considered  ^ 

tlio  thrust  discontinuity  between  non- augmented  and  minimum  aiigmentod  / 

thrust  to  be  too  groat.  Conncrpicntly ,  a  study  w,af;  conducted  to  determine  i 

the  g  loading  applied  to  a  passenger  when  the  duct  ho*  ter s  on  all  four  | 

enginc-s  are  lit  simultar vOusly  with  several  augmentation  ratios.  The  i 

vf.riuiiA  aj.,i  plotted  in  .'igure  1-94.  Thu  upfu-r  rur\e  shows  the  g  loading  I 

far  the  porformanee  d  ita  presr3ntc-d  tluring  Ph.iso  IIA  for  which  tlio  fuel-  | 

air  ratio  for  llgliliiv  -vas  0,01,  l''or  tliese  conditionfi ,  Ihe  g  io.adlng  would  ’J 

he  only  0.  09,  However,  filudiofl  conducted  ihiring  Phase  IlB  have  indicated  f 

tliat  the  minimuni  duct  healing  fuel-air  ratio  could  lie  reduced  to  0.  OOft,  I 

llieruiijy  reducing  liic  g  loading  to  0.04.  .St.ahio  comhust  ion  has  heeti  durncm-  J 

rjti'iit(!i|  at  lunch  hmer  fuel-ali'  ratios,  and,  v/ith  addUlorial  fh* velopmant,  | 

it  would  he  [loaalhlo  to  decruaao  the  rnlnlmuni  t'lel-nir  ratio  to  0.003.  | 

rnri'CHpondiiig  to  a  ni.Tiimum  g  loading  uf  O.Ol,  1  !u>  prohlern  has  been  U 

disfUflHi’'l  willi  ii  i  j' /  111  ine  manu  la  c  tuie  rs ,  hiiwnver,  .iinl  il  was  le.Mrned  tli.it  if 

paannnguiH  on  present  roniirie  re  la  I  Jet  a' r*  raft  exper  leiicc  a  g  luadiiig  = 

of  .about  0,  I,  .and.  In  some  cnaen,  they  experience  g  loadiiii/s  as  high  as  | 

0.  33.  [l  .appearH,  I  he  re  fo  re ,  that  the  g  louling  |>i"..>f!u  red  during  tin*  .SST  ij 
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flight  will  be  significantly  lower  than  that  of  current  jet  aircraft  and, 
therefore,  that  there  is  little  reason  to  develop  a  duct  heat'-r  capable 
of  ignition  with  a  fuel-air  ratio  below  0.  008. 

b.  STJ22  7 


(1)  Effect  of  Turbine  Inle"  Temperature 

The  engines  were  designed  for  operatioii  with  a  turbine  inlet  temperature  of 
E200'’E.  However,  initially  the  engines  will  probably  be  operated  with  a  tur¬ 
bine  inlet  temperature  of  1900‘’F,  and,  therefi  re,  the  effect  of  operating 
at  the  lower  turbine  inlet  temperature  must  be  considered.  If  the  augmen- 
tntioo  ratio  or  thrust  increase  is  to  be  maintained  at  the  lower  turbine 
inlet  temperature,  the  weight  and  maximum  engine  diameter  are 
significantly  increased.  If  the  cycle  pressure  ratio  is  to  remain  un¬ 
changed,  the  turbine  expansion  ratio  must  be  increased  to  i>rovicle 
the  required  compressor  power.  However,  increasing  the  expansion 
ratio  iTicreases  the  turbine  exit  Mach  number  and  the  afterburner  com- 
buptlon  charnbor  Mach  number.  Consequently,  the  engine  diainctor 
must  be  increased  to  provide  acceptable  afterburner  Inlet  conditions, 

Tlie  effect  of  turbine  inlet  temperature  on  the  maximum  engine  diameter 
is  shown  in  Figure  1-S5, 


I 

I 

I 

! 

1 


With  a  turbine  inlet  tempo I'ature  of  IIOO'F,  unaugmentod  thrust  at 
crtiise  is  marginal  and  the  capability  for  augnientention  during  cruise 
at  nonstandard  temperatures  or  at  off-de«ign  altitudes  is  desirable. 

The  IBM  decks  supplied  to  the  airframe  manufacturers,  therefore, 
provided  performance,  weight,  and  installation  data  for  engin(;s  with 
augmentation  limited  to  take-off  and  transonic  oporalion;  limited  to 
take-off,  acceloration,  and  nupprsonle  cruise;  or  virJ.lniited  huc  ■rpo 
througiiout  the  miHslon,  Optimi ziatlon  studlea  conduct(!tl  by  the  a  •- 
fr.ame  irmnufaclurcrs  and  b.'tfiod  on  those  data  resulted  in  the  Lcleci  .Tn 
of  the  fully  augmented  v<;roion  of  the  ST.)'227  engine. 

(2)  Effect  of  .Supersonic  Crulior  Airflow 

'rhe  engine  corrected  airllow  at  eruinc  affects  the  augmentor  design  in  a 
manner  similar  to  that  of  the  turbine  inlet  temperature,  In  ordej-  to  in- 
ci'oase  tfie  airflfTW,  the  powcsi'  output  of  the  turbine  muni  fje  inc  le.oied,  and, 
the  reforti!,  tlie  expansion  ratio  must  be  increased.  Conflequejitl'’,  the  max- 
irnurri  engine  diameter  rnuiHt.  he  increased  to  satisfy  the  augmentor  tlesiRn 
c  rite  rlfi. 

Continued  reduction  of  the  isupu  rsonlc  cruise  airflow  eventually  results 
in  llu)  turbine  power  i'ef|ulrt?ifienl  being  established  at  accelo  liilion 
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conditions  rather  than  at  mdse  conditions.  This  effect  is  shown  in 
Figure  1-56. 

3.  INFLIGHT  PERFORMANCE  MEASUREMENT  SYSTEM. 

Inflight  thrust  measurement  in  supersonic  vehicles  is  considerably 
more  complicated  than  in  subsonic  vehicles.  In  subsonic  vehicles, 
engine  pressure  ratio,  speed,  and  exhaust  temj^e  rattare  have  been 
used  in  conjunction  with  a  series  of  charts  to  indicate  the  performance 
and  condition  of  the  engine.  These  parameters  provide  an  accurate 
method  of  determining  the  performance  of  engines  with  fixed  nozzle 
geometry.  For  the  more  sophisticated  engines  required  for  the  super¬ 
sonic  transport,  however,  these  parameters  are  not  adequate  .since 
the  inlet,  the  exhaust  nozzle,  and  the  interference  effects  between  flie 
propulsion  system  and  the  airframe  significantly  affect  the  actual  force 
applied  to  the  vehicle.  Consequently,  thrust  mea surcMTicnt  will  recjuirci 
the  use  of  additional  parameters  in  conjunction  with  a  compact,  light'- 
weight  (about  30  pounds)  compute!'  such  as  those  currently  b<3ing  used 
in  missile  guidance  systems.  The  parameters  required  are  .listed  in 
Table  1-6  together  with  the  measurement  accuracy,, 

Table  1-6 

Inflight  Performance  Measurement  Parameters 


Parameter 

P^iTi,  free  stream  static  pressure 
P^3,  fan  di.schargo  total  pressure 
Pg3,  fan  discharge  static  pressure 
T^.^,  fun  discharge  total  teniperaUire 
(Pt3-P8  3)/Ps:ri^ 

P(,7,  gna  gener.ator  total  exlrauat  pressurt! 
Ajjuct»  tluct  exhaust  nozzle  throat  area ’>=’!< 
Wf,  engine  fuel  flow 


AcciiJ-acy 
(Pc  rcciH) 

'.frl.  ^5 

It  I, 

±1.0 
±4 , 0 
t  ,1 . 0 
±  0 
:I:V.  S 


Notes : 

’!<  This  pnrumelor  m;iy  be  obl.'iined  fi'oin  engine  cotiii-oJ  v.'I'Ujiu; 
it  is  used  for  duct  cxliaust  nozzle  jjositiuuing. 

Direct  mc.'aeui'ement  of  A j  may  not  b'.' 

The  liii'u.‘3t  .and  thrust  H]>i-clfic  fuel  corinumplion  oidainc'd  Irmii  theiie 
rnc.THu  r  ementH  could  be  in  ei-ror  by  .is  rniicli  .ts  thi'  a  I'itlinietical  .siiitj 
ol  the  Individual  i.ti'ui'h,  but  it  is  unliUelv  that  .ill  ei'i'or.^  would  be 
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at  a  maximum  in  the  same  direction.  It  is  most  probable  that  the 
error  will  be  that  predicted  by  the  root-mean-equare  method  of  error 
summation.  The  probable  error  predicted  by  this  method  is  shown  in 
Table  1-7. 


Table  1-7 

Probable  Error  in  Inflight  Performance 
Measurement 


Probable  Error 

(Percent) 

IMight  Condition 

Power  Setting  Total  Thrust 

TSFC 

Sea  "Level  Take-Off 

Maximum  Duct 

Heating  3.0 

3.  1 

Traiisomo  Accelera¬ 
tion  (Mach  1,2) 

Maximum  Duct 

Heating  4.2 

4.3 

Supersonic  Cruise 
(Mach  2.  7) 

Partial  Duct  Heating 

12.3 

Subsonic  CA'uiso 
(Mach  0.  9) 

PtaU  Throttle 

5.  5 
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PHASE  21 B 
GONPIOURATION 


iSMaiNlC  t  EJECTOR  TANGENT  TO  WING 
EJECTOR  CANTEn  A'l'  REAR  ENG  MOUNI  PLANE 
NOI  L;  ENGINE  MOUNI  I'LANE^  ARE 

NON  PAR  A  I,  LEI,  h  f  E  TAIL  FI,  A  PM 
ARE  FWn  OF  I  E  WING 
BARE  PRAf,:  AREA  IJ*!  (I'lUUIV  ROiirs'D) 

HAS/:  DRAG  AREA  tfi*^  (ut;  |  ) 

Sl  T2|i)n60«  I  . -HR.  /H!i;c  T  UR  HOI' -AN 


Fiaui':  I-J 

t‘  1  ■!>> 

r«'  ('•f*  < 
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ARI<  ANGEMICNT  SIIOWINC?,  Rl 
MQVli;i}  AFT  40,  00  , 

ICNGINK  ii  EJFCTOU  AUK  TA 
KJKC'TOU  CANTKD  AT  UKA 
PI.ANK 

KNGINK.  MOUN']  P],ANES  J 
BAHK  DRAG  AUK  A  33  7  In^ 
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AHUANGKMICNT  SHOWING  REAR  ENCi,  Iv 
MOVED  AFT  '10,  00 

ENGINE  R,  EJECTOR  ARE  TANGENT  TO 
EJECTOR  CANTED  AT  REAR  ENG.  MO 
PEANE 

ENniNE.  MOUNT  PJ.ANES  ARE  NONPA 
t'A.S)^  Dl<ACi  AREA  337  In^ 


RTFiil  913  000  l.HS.  /SEC.  'J  UR  DOF 


Figure  1  • '1 
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AincHAF-T 


WING  CONTOUR 
AT  OUTBOARD  ENGINE 


STA  0,00 
60.120  OIA 


OOTSOARO 


3.10 


f  3/, 00  — 

FXTE/ysio/y 


y?.io  _ _ 

LEWGTI 


126.00. 
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TE  WING 


73.90 


’-JECTOR  CANTED  AT  REAR  MOUNT  PLANE 

arrangement  moving  rear  eng.  mount 

30.  00  AFT.  &  INSERTING  ENG.  4.  00  INTO 
WING 


STF219B  600  LBS.  /SEC.  TURBOFAN 


Figure  1-5 
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EJECTOR  TRANSLATES  REARWARD 
THIS  DIM  DURING  REVERSE  THRUST 


FRONT  HINGE  LINE 
OF  TE  FLAPS 
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